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1. Introduction
Dual-connectivity has been proposed in RAN2 to address heterogeneous networks of small cells.  Dual-connectivity is an operation where the UE can have simultaneous connectivity to at least two different network points, which could operate on the same or separate frequency.  Dual-connectivity is typically applicable to the eNBs which are connected with each other by non-ideal backhaul, i.e., with loose latency and capacity on the backhaul.
In the multi-carrier case, dual-connectivity basically comprises multi-site carrier aggregation (CA).  In Release 10/11, the multiple serving cells aggregated by CA all have to be controlled by the same eNB.  The UCI reporting has some rules, such as at most one PUCCH or PUSCH could convey UCI, as well as PUCCH and PUSCH carrying UCI cannot be transmitted in the same subframe.  However, to realize dual-connectivity, those aggregated serving cells need to be controlled by separate eNBs.  Thus the UCI reporting rules need to be re-considered for this new situation.
In this contribution we consider the physical channel assignment rules that would be needed for UCI reporting if dual-connectivity were to be supported.  

2. Current UCI Multiplexing Rules for CA
In the current LTE-Advanced Release 10/11, with the introduction of CA, multiple PUSCH may be transmitted in parallel on different CCs and it is also possible that PUSCH and PUCCH are transmitted simultaneously on the same or different CCs.
For CA, the UCI including HARQ-ACK/NACK signalling, scheduling request (SR) and channel state information (CSI) feedback has to support up to five DL CCs.  In Release 10/11 as described in [1], UCI is time multiplexed on one UL CC only.  That is UCI cannot be split across multiple UL CCs.
The basic principle of UCI multiplexing is that apart from the aperiodic CSI reports (A-CSI), all UCI is multiplexed onto the UL primary CC (PCC) of the PCell if scheduled in the same subframe; otherwise, one the secondary CC (SCC) is used.  As specified in [1], more detailed strategies of UCI multiplexing for CA are summarized as follows.
1. A-CSI report is transmitted on a PUSCH of the CC that triggered the report.
2. All UCI multiplexed onto PUCCH is transmitted on the UL PCC of the PCell only.
3. If simultaneous PUCCH and PUSCH transmission is not enabled, and there is at least one PUSCH transmission, all UCI is multiplexed onto a PUSCH.
· Any periodic CSI (P-CSI) feedback and/or HARQ-ACK reports are normally transmitted on the PCC PUSCH if it is transmitted;
· If the PCC PUSCH is not transmitted, the UCI is multiplexed onto a SCC PUSCH if one is transmitted;
· If more than one SCC PUSCH transmission occurs in the subframe, the P-CSI and/or HARQ-ACK reports are transmitted on the SCC PUSCH of the serving cell with the lowest cell index.
4. If simultaneous PUCCH and PUSCH transmission is enabled, and there is at least one PUSCH transmission,
· HARQ-ACK is transmitted on PUCCH;
· P-CSI feedback is normally transmitted on the PCC PUSCH if it is transmitted.
· If the PCC PUSCH is not transmitted, the P-CSI is multiplexed onto a SCC PUSCH if one is transmitted;
· If more than one SCC PUSCH transmission occurs in the subframe, the P-CSI is transmitted on the SCC PUSCH of the serving cell with the lowest cell index.
5. In the case of a collision between P-CSI and A-CSI for the same or different DL CCs, the P-CSI is dropped and only the A-CSI feedback is transmitted.
With the current UCI multiplexing rules, all UCI should be transmitted via one of the CCs, which may be connected to one of the eNBs, i.e., macro-cell eNB or small-cell eNB.  Then this eNB would forward the UCI corresponding to the other eNBs via non-ideal backhaul of dual-connectivity.  Thus the P-CSI and/or HARQ-ACK feedback to the other eNBs may have a considerable delay, which impacts the scheduling efficiency and system performance significantly.

3. Consideration of UCI Multiplexing to Support Dual-Connectivity
To reduce the signalling overload and feedback delay over non-ideal backhaul, the parallel PUCCH and/or parallel PUSCH carrying UCI across multiple CCs could be considered as illustrated in Fig. 1.  
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Considering the different sensitivity to feedback delay, we discuss the possible multiplexing schemes of the various types of UCI.

3.1	HARQ-ACK
Since HARQ-ACK feedback has a strict time limit within 8ms, we propose a splitting HARQ-ACK multiplexing onto the multiple UL CCs corresponding to different eNBs, i.e., the HARQ-ACK of the DL CCs belongs to different eNBs are fed back on the UL CCs connected to different eNBs.  The detailed strategies of HARQ-ACK multiplexing could be described as follows,
· The HARQ-ACK feedback of macro-cell eNB’s DL CCs are normally multiplexed onto the PUCCH over the UL PCC of macro-cell eNB.
· The HARQ-ACK feedback of small-cell eNB’s DL CCs are normally multiplexed onto the PUCCH over the UL PCC of small-cell eNB.
· If simultaneous PUCCH and PUSCH transmission is not enabled, and there is at least one PUSCH transmission for each eNB,
· The HARQ-ACK feedback of macro-cell eNB’s DL CCs are normally multiplexed onto the PUSCH over the UL PCC of macro-cell eNB
· The HARQ-ACK feedback of small-cell eNB’s DL CCs are normally multiplexed onto the PUSCH over the UL PCC of small-cell eNB.
· If the PCC PUSCH of each eNB is not transmitted, the HARQ-ACK feedback corresponding to this eNB is transmitted onto the PUSCH of the SCC with the lowest cell index.

3.2	Aperiodic CSI (A-CSI)
The A-CSI feedback is triggered by the UL grant over a DL CC.  Thus A-CSI feedback is multiplexed on the UL CC corresponding to its DL CC transmitting UL grant.  Therefore, splitting A-CSI feedback could be handled largely as an implementation issue, depending on its sensitivity to the backhaul delay.
For example, if A-CSI feedback for different eNBs needs to be split for a strict sensitivity requirement, different eNBs could individually transmit the UL grant over their corresponding DL CCs.  The restriction would have to be removed that prevents more than 1 A-CSI trigger being sent in a given subframe. As a result, individual A-CSI feedback would be multiplexed onto different UL CCs connected to different eNBs.  If A-CSI feedback for different eNBs could be transmitted on one of the UL CCs connected to one eNB due to low sensitivity on feedback delay, the current triggering mechanism, i.e., 2-bit CSI triggering field associated with RRC configuration, could reused.

3.3	Periodic CSI (P-CSI)
Since P-CSI feedback generally has loose time requirements, the non-ideal backhaul delay of transmitting P-CSI reports has little impact on the scheduling efficiency.  Two alternatives for P-CSI multiplexing could be considered, as follows,
Alt1: Uniform multiplexing – Any P-CSI feedback is multiplexed on the UL CCs of one of the eNBs, in order to reduce the signaling overhead at other eNB(s).  The detailed strategies of P-CSI multiplexing could be described as follows,
· Any P-CSI feedback of both macro-cell eNB and small-cell eNBs is normally multiplexed onto the PUCCH over the PCC of one of the eNBs.
· If there is one PUSCH transmission for the selected eNB, 
· Any P-CSI feedback is normally transmitted on the PCC PUSCH if it is transmitted
· If the PCC PUSCH of the selected eNB is not transmitted, any P-CSI feedback is transmitted onto the PUSCH of the SCC with the lowest cell index
Alt2: Separate multiplexing – Each eNB’s P-CSI is multiplexed on the UL CCs connected to its individual eNB.  That is the macro-cell’s P-CSI is multiplexed on the UL CCs connected to macro-cell eNB; while the small-cell’s P-CSI is multiplexed on the UL CCs connected to small-cell eNB.  Obviously, with this multiplexing mechanism, the scheduler suffers little impact due to the non-ideal backhaul delay.  But it may increase the amount of information that has to be exchanged over backhaul and the signalling overhead at small-cell eNB.  The detailed P-CSI multiplexing strategies could be described as follows,
· Any P-CSI feedback of macro-cell eNB is normally multiplexed onto the PUCCH over the PCC of macro-cell eNB.
· Any P-CSI feedback of small-cell eNBs is normally multiplexed onto the PUCCH over the PCC of small-cell eNBs.
· If there is one PUSCH transmission for each eNB, 
· P-CSI feedback is normally transmitted on the PCC PUSCH of this eNB if it is transmitted
· If the PCC PUSCH of this eNB is not transmitted, P-CSI feedback is transmitted onto the PUSCH of its SCC with the lowest cell index

4. Conclusions
In this contribution, we have analysed the modifications to the CA UCI multiplexing rules that would be needed if dual connectivity were to be supported. 
Splitting the UCI relevant to each site would be beneficial if dual connectivity were to be supported, and this would require the possibility to transmit UCI on more than one UL CC in a given subframe. 
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